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Background: Type 2 diabetes and cardiovascular disorders are fast growing global health burdens espe-
cially in low and middle income countries. The aim of this study was to assess the risk factors of these
diseases among male and female nurses in Liberia.
Methods: The random sample of this cross-sectional study was collected from 95 Liberian nurses (63
females and 32 males) who had attended the International Nursing Education Conference in Monrovia.
Data about body mass index (BMI), waist circumference (WC), systolic (SBP) and diastolic blood pressure
(DBP) and fasting blood glucose (FBG) were collected. The relationships between the measured risk fac-
tors and fasting blood glucose were explored using regression analysis.
Results: Over 29% of females and 31% of males had one or more of the measured cardiovascular and type
2 diabetes risk factors. Among females, 50% were overweight or obese or centrally obese, 20% had ele-
vated SBP and DBP, and 70% had elevated FBG. Among males, 45% were overweight or obese or centrally
obese, 20% had elevated SBP and DBP, and 66% had elevated FBG. BMI was positively related to WC among
both females and males. WC was positively related to SBP and DBP and FBG among both females and
males. BMI had a significant relationship with SBP and DBP and FBG among both females and males.
Conclusion: These observations suggest that reducing the identified risk factors may be important for pri-
mary prevention and management of type 2 diabetes and cardiovascular disorders.
 2015 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction to 592 million by 2035, while 175 million people remain undiag-Several studies have reported that insulin resistance associated
with increasing body weight contributes to the development of
cardiovascular risk factors, including hypertension, type 2 diabetes,
and dyslipidemia (Denke, Sempose, & Grundy, 1993; Eckel &
Krauss, 1998; Kannel, D’Agostino, & Cobb, 1996. The World
Health Organization (2014a) report on the global prevalence of dia-
betes (estimated to be 9% among adults) alarmed that the disease
is a serious and fast expanding global health burden. Diabetes
causes extensive debility, interrupts individual and family life
and affects society as a whole. Findings of the International
Diabetes Federation (2014) revealed that 387 million people suf-
fered from diabetes in 2014 and this number is expected to risenosed. Ninety percent of these people suffer from type 2 diabetes.
The diabetes problem is especially challenging in low- and middle-
income countries where nearly 80% of people with diabetes live.
Further, the World Health Organization (2014b) reports that more
than 80% of diabetes deaths occur in low- and middle-income
countries. Shidfar, Albrzi, Salehi, and Nojomi (2012) pointed out
that aside from the direct effects of diabetes, diabetes also con-
tributes considerably to risk of cardiovascular disorders.
Risk factors that have been investigated and commonly recog-
nized as contributing significantly and independently to type 2 dia-
betes include overweight and obesity, hypertension and high
fasting blood glucose level (Inoue, Minami, & Yano, 2014).
Overweight and obesity are major risk factors for the development
of type 2 diabetes in almost all countries, both low and middle
income and high income. It is reported that in adult Europeans,
obesity accounts for about 80% of cases of type 2 diabetes, and
about 55% of cases of hypertension (World Health Organization,
2007). The American Heart Association (2005) revealed that in
the USA, obesity and development of type 2 diabetes (as well as
other diseases) are strongly correlated.
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high blood pressure, raised blood glucose, overweight and obesity
are prevalent in Liberia. Liberia is a small, low-income, West
African country with a population of 4.2 million and ranks 175
out of 187 countries according to the Human Development Index
(HDI) (United Nations Development Programme, 2014), and has a
total expenditure on health per capita of $102 (World Health
Organization, 2015a). The World Health Organization (2014c)
reports 32% adult males and 28.7% adult females are hypertensive.
Raised blood glucose level in adult males is 8.4% and that of adult
females is 9.3%. About 2.8% adult males and 10.6% adult females
are obese; and 16.3% adult males and 25.1% adult females are
overweight (World Health Organization, 2014c).
Epidemiological studies have reported relationships between
obesity, hypertension, and type 2 diabetes (Bloomgarden, 2002;
Colosia, Palencia, & Khan, 2013; Stratton et al., 2006; Zanella,
Kohlmann, & Ribeiro, 2001). Moreover, Zhou, Hu, and Chen
(2008) reported a positive relationship between body mass index,
waist circumference and blood pressure. Also, Modan, Halkin, and
Almog (1985) established a relationship between high blood pres-
sure, obesity and high fasting blood glucose level. There is paucity
of such studies in the sub-Saharan Africa, and such studies are
scarcely done among healthcare workers. Because of financial
and social impact of cardiovascular disorders and type 2 diabetes,
investigating the relationships of their risk factors among the
frontline health workers is important to increase understanding
of the diseases and can be useful in the advancement of public
health policy and controlling of the diseases. In Liberia, nurses,
including registered nurses, nurse-midwives, licenced practical
nurses, public health nurses, community health nurses, etc. (0.28
per 1000 population) comprise sixty-seven percent of the total
number of health workers (Africa Health Workforce Observatory,
2010). Therefore, knowing the risk predictors in this important
group of health care professionals will help improve understand-
ing, management and prevention of these diseases in the popula-
tion at large. Risk factors are usually indicative of the presence or
onset of diseases, and as such, anthropometric measures fre-
quently are employed to ascertain this. Because there are gender
differences in anthropometric predictors, we sought to evaluate
the risk factors in female and male nurses separately. Our objective
was to assess cardiovascular and type 2 diabetes risk factors
among male and female nurses in Liberia. Additionally, to evaluate
the relationship of three type 2 diabetes and cardiovascular disease
risk factors (body mass index, central obesity, and high blood pres-
sure) and fasting blood glucose level in this population.2. Methods
2.1. Setting and participants
This cross-sectional study was carried out in May 2014. Using a
random sampling design, 95 nurses (63 females and 32 males) out
of the 106 nurses who had attended the International Nursing Edu-
cation Conference in Monrovia, Liberia were invited to participate.
Random sample of nurses were drawn from the conference regis-
tration system using computer generated random numbers.
Trained nurses collected the following anthropometric predictors
of type 2 diabetes and cardiovascular disease risk factors: body
mass index, central obesity, systolic and diastolic blood pressure
and fasting blood glucose level.2.2. Data collection
Standing body height was measured to the nearest 0.1 cm. Body
weight was measured using bathroom-type scale to the nearest0.1 kg. All participants were weighed on the same scale. The scale
was initially calibrated by known standard weight (10 kg) and
tared to zero after each use. The subjects wore light clothing and
had no shoes on. Body mass index was calculated as weight (kg)
divided by height squared (m2). The degree of obesity was esti-
mated using the threshold values published by the World Health
Organization (2015b).
Central obesity was determined by measuring waist circumfer-
ence. We used a rubber measuring tape at the level of the umbili-
cus and measured waist circumference to the nearest 0.5 cm.Waist
circumference thresholds of 80 cm or above for females and 94 cm
or above for males were used to indicate high levels of
obesity-related health risk, respectively (Katzmarzyk et al., 2011).
Blood pressure was taken using an automatic monitor, after five
minutes rest, and with the subject in a seated position. The pres-
ence of hypertension was defined as a systolic blood pressure
P140 mmHg or a diastolic blood pressure P90 mmHg. The sub-
jects had fasted twelve hour prior, and fasting blood glucose level
was determined, to the nearest 0.1 mg/dl, using a personal glucose
monitor. Impaired fasting blood glucose and diabetes were defined
according to the International Diabetes Federation (2006) and the
American Diabetes Association (2012) criteria. Impaired fasting
blood glucose was defined as a fasting blood glucose level of
100–125 mg/dl (5.6–6.9 mmol/l). Diabetes was defined as a fasting
blood glucose level greater than or equal to 125 mg/dl
(6.9 mmol/l).
2.3. Data analyses
Descriptive statistics for variables were used with tables, means
and standard deviations. Average values (mean) and standard devi-
ations (SD) were used to describe the continuous variables. Abso-
lute (N) and relative (%) frequencies were used for the
description of categorical variables. Relationships between body
mass index, central obesity, systolic blood pressure, diastolic blood
pressure, and fasting blood glucose were analyzed using linear
regression. Statistical significance was set at p < .05 and analyses
were conducted using SPSS statistical software (version 17.0).
2.4. Ethical considerations
Subjects were informed about the objectives of the study, guar-
anteed anonymity and the voluntary nature of the study. After the
nurses agreed to participate, written informed consent was
obtained from each of them. Those participants who were likely
to have type 2 diabetes or had impaired fasting blood glucose were
counseled to see their physicians for follow-up with an oral glucose
tolerance test or other diagnostic tests and possible treatment. The
study was approved by the Ethical Committee of the College of
Health and Science, Adventist University of West Africa. Prior to
the study, we made sure that our research met the international
ethical standard for the protection of human participants, in partic-
ular, with respect to the World Medical Association Declaration of
Helsinki (2002).3. Results
Ninety-five nurses who had never been diagnosed with type 2
diabetes took part in the study, which was 90% of the conference
attendees. The mean age of the sixty-three females was 33.8 years
(±6.65) with a range of 18–64 years. The mean age of the thirty-
two males was 30.5 years (±5.83) with a range of 22–55 years.
The study subjects came from different parts of the country and
the general nursing workforce consisting of registered nurses,
nurse-midwives, licenced practical nurses, public health nurses,
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ward assistants, clinic attendants and student nurses.
The prevalence of cardiovascular and type 2 diabetes risk fac-
tors among these nurses was high (Table 1). Over twenty-nine per-
cent of women and thirty-one percent of men had one or more
cardiovascular and type 2 diabetes risk factors. Over fifty percent
of female nurses were overweight or obese and had central obesity.
About twenty percent of women had systolic and diastolic hyper-
tension. Over forty-five percent of male nurses were overweight
or obese and had central obesity. Similarly, about twenty percent
of women had systolic and diastolic hypertension. (Table 1).
Fasting blood glucose level was greater than the ‘normal’
100 mg/dl in 70% of females and 66% of males (Table 2). Eleven
percent women and nine percent men were likely to have type 2
diabetes. (Table 2).
Body mass index was strongly and positively related to central
obesity among both females (r2 = 0.90, P = 0.006) and males
(r2 = 0.94, P = 0.001) (Fig. 1), as might be expected. Seventy-five
percent of the females sampled had a waist circumference that cor-
responded with high or very high levels of central obesity class
(WCP 80 cm). There were also twenty nine percent of females
with body mass index in the normal range (18–25 kg/m2) whose
waist circumference were greater than 80 cm. On the other hand,
44% of males had a waist circumference that corresponded with
abdominal central obesity class (WCP 94 cm). Only six percent
of the males with body mass index in the normal range
(18–25 kg/m2) had a waist circumference that corresponded with
abdominal central obesity class (WCP 94 cm). Generally, all the
men and women with body mass index greater than 30 in this
study were centrally obese.
Central obesity was positively related to systolic and diastolic
blood pressure and blood glucose among females (systolic pres-
sure, r2 = 0.44, P = 0.009; diastolic pressure, r2 = 0.34, P = 0.015;
fasting blood glucose, r2 = 0.36, P = 0.021) (Fig. 2). The strength of
relationships between these risk factors appear weaker among
females than those among males (males: linear regression: systolic
pressure, r2 = 0.80, P = 0.005; diastolic pressure, r2 = 0.57, P = 0.043;
fasting blood glucose, r2 = 0.58, P = 0.003) (Fig. 2).
Body mass index had a significant related to systolic and dias-
tolic pressure and fasting blood glucose among females (systolic
pressure, r2 = 0.51, P = 0.017; diastolic pressure, r2 = 0.38,
P = 0.011; fasting blood glucose, r2 = 0.35, P = 0.021) (Fig. 3). InTable 1
Prevalence of independent cardiovascular and type 2 diabetes risk factors among
nurses never diagnosed with diabetes.
Variable Women % (n = 63) Men % (n = 32)
Overweight or obese: BMIP 25 kg/m2 50.8 (32) 46.9 (15)
Obese: BMIP 30 kg/m2 31.7 (20) 25.0 (8)
Central obesitya 74.6 (47) 43.8 (14)
Systolic blood pressure > 140 mmHg 23.8 (15) 28.9 (9)
Diastolic blood pressure > 90 mmHg 31.7 (20) 40.6 (13)
Systolic and diastolic hypertensionb 19.0 (12) 21.9 (7)
a For women, waist circumference P80 cm, for men, P94 cm.
b Systolic >140 mmHg and diastolic >90 mmHg.
Table 2
Fasting blood glucose levels among nurses never diagnosed with diabetes.
Fasting glucose Women % (n = 63) Men % (n = 32)
P125 mg/dla 11.1 (7) 9.4 (3)
100–125 mg/dlb 58.7 (37) 56.3 (18)
<100 mg/dlc 30.2 (19) 34.3 (11)
a Diabetes likely.
b Impaired fasting blood glucose.
c Diabetes unlikely.addition, the strength of relationships between these risk factors
appear weaker among females than those among males (males:
linear regression: systolic pressure, r2 = 0.73, P = 0.001; diastolic
pressure, r2 = 0.43, P = 0.019; fasting blood glucose, r2 = 0.50,
P = 0.033) (Fig. 3). Generally, the strength of relationships among
these risk factors were stronger for central obesity than for body
mass index.4. Discussion
Though there are relationships between obesity and diabetes,
Bamrick (2005) reported that body mass index and waist circum-
ference do not relate to diabetes the same way in all ethnic groups,
and that the range where body mass index and waist circumfer-
ence become significant health risk may be lower or higher. For
example, while the waist circumference cutoffs of 80 cm or more
and 94 cm or more for females and males, respectively, were lar-
gely developed for populations of European descent, Zhu et al.
(2005) pointed out that the waist circumference cutoffs were
5–6 cm greater for white males than for black males at BMIs
between 25 and 40 kg/m2. Bergman and Ader (2000) pointed out
that extra abdominal fat is also a major risk for diabetes. Gillum
(1991) reported that people of black origin have a higher mortality
from cardiovascular disease than do other ethnic groups. More-
over, Harris (1990) showed that compared with white people,
black people have a 60% higher incidence of type 2 diabetes. Health
care professionals are positioned to be healthy role models for the
rest of the population. Therefore, exploring the relationships of
various risk factors for cardiovascular disorders and type 2 dia-
betes among health care professionals in a black population would
contribute to our understanding and management of relevant clin-
ical issues.
About a third of the study participants had one or more cardio-
vascular and type 2 diabetes risk factors. The large number of
nurses with fasting blood glucose level greater than the ‘normal’
100 mg/dl should be a source of concern. We admit that an ele-
vated fasting blood glucose without the presence of symptoms of
diabetes is not diagnostic of diabetes per se. However, we think
that if a number of these nurses are diagnosed with diabetes the
financial, social and health care burden on the population will be
immense. Additionally, the World Health Organization (2014c)
reports 32% males and 28.7% females of the general population in
Liberia are hypertensive. In our study, 22% males and 19% females
were hypertensive. The World Health Organization (2014c) reports
about 2.8% adult males and 10.6% adult females are obese; and
16.3% adult males and 25.1% adult females are overweight. In our
study, 50.8% females and 46.9% males were overweight or obese.
Moreover, given that over fifty percent of the nurses had a waist
circumference that correspond with high or very high levels of cen-
tral obesity class signifies a substantial health risk among the
group. Nurses are among health care professionals who have a
prominent role as initiators and supporters of health promotion,
and to become role models for the community. Therefore, detect-
ing risk predictors in the health care professionals sets the stage
for increased public health awareness. This is against the back-
ground that in Liberia, nurses, including registered nurses, nurse-
midwives, licenced practical nurses, public health nurses, commu-
nity health nurses, etc. comprise sixty-seven percent of the total
number of health workers (Africa Health Workforce Observatory,
2010).
The results of our research were consistent with those of
Bamrick (2005). In his study involving 117 adult participants, he
reported that body mass index and waist circumference were pos-
itively related. Further, he reported that central obesity was posi-
tively related with other type 2 diabetes risk factors. In our
Fig. 1. Relationship between body mass index and waist circumference showing linear regression line for women (left) and men (right).
Fig. 2. Relationships between waist circumference and systolic and diastolic blood pressure and fasting blood glucose for women (left) and men (right).
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strongly related with cardiovascular and diabetes risk factors in
both females and males. Our observation that the strength of rela-tionships among these risk factors were stronger for central obe-
sity than for body mass index was consistent with the findings of
Bamrick (2005) and Wang and Hoy (2004). In their studies, they
Fig. 3. Relationships between body mass index and systolic and diastolic blood pressure and fasting blood glucose for women (left) and men (right).
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cardiovascular and type 2 diabetes risk factors than body mass
index.
The results of the study by Zhou et al. (2008) were consistent
with our study. They observed positive relationship between body
mass index, central obesity and blood pressure. They also noted
that central obesity in males and body mass index in females
yielded the strongest relationships with blood pressure. In the cur-
rent research, both body mass index and central obesity showed
significant relationships with systolic and diastolic blood pressure
in both females and males. Further, they also reported that central
obesity was more related with blood pressure than obesity mea-
sured by body mass index. That is, individuals with elevated blood
pressure also had increased central obesity. Another point of agree-
ment between the results of their study and ours was that the
strength of relationship of obesity and blood pressure was greater
in males than in females. This suggests that males who gain weightmay be more liable than females to have increased blood pressure.
On the other hand, Neufeld, Jones-Smith, Garcia, and Fernald
(2008) reported a stronger relationship between body mass index
and blood pressure compared to central obesity, but his research
involved females younger than 35 years.5. Conclusion
About a third of the study participants had one or more cardio-
vascular and type 2 diabetes risk factors. Almost one fifth of the
study subjects were hypertensive. More than fifty percent of the
nurses had a waist circumference that indicate high levels of
obesity-related health risk. Body mass index was strongly and pos-
itively related to central obesity among both females and males.
Likewise, there was a significant relationship between central obe-
sity and fasting blood glucose level and blood pressure, which are
6 N. Donkor et al. / International Journal of Africa Nursing Sciences 4 (2016) 1–6major risk factors for type 2 diabetes and cardiovascular disease.
We also indicated a positive relationship between body mass index
and fasting blood glucose level and blood pressure in both females
and males. The observed strong positive relationships between
body mass index and central obesity and systolic and diastolic
blood pressure and fasting blood glucose suggest that they may
be important for primary prevention and management of diabetes
and cardiovascular disorders. Therefore, any future development of
public health policy should involve lifestyle changes such as obe-
sity reduction through physical exercise. This study is particularly
important because since cardiovascular and type 2 diabetes risk
predictors are detected among health care professionals, who
should be role models for the rest of the population, the public
health guidelines targeting risk reductions would be easy to
promote.
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